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(54) WET TYPE NONWOVEN FABRIC FOR CELL SEPARATOR, ITS PRODUCTION METHOD AND 
ENCLOSED SECONDARY CELL 

(57) An improved wet-laid nonwoven fabric for a 
battery separator wherein 20 to 95% by weight of ther- 
moplastic staple fibers having a single fiber diameter of 
20 um or (ess are three-dimensionally entangled with 
hot-melt fibers having a melting point lower by 20 fl C 
than that of the thermoplastic staple fibers so that a 
mean fiber entangling point interval is 300 (am or less, 
wherein at least part of the hot-melt fibers is fused to 
bond the fibers with each other to fix the nonwoven 
structure. The nonwoven fabric has a basis weight in a 
range from 10 to 350 g/m 2 a thickness in a range from 
30 to 1000 fim and an apparent density in a range from 
0.26 to 0.7 g/cm 3 , and excellent En uniformity and 
mechanical strength. The wet-laid nonwoven fabric is 
particularly excellent in air permeability, liquid holding 
capability, liquid retention capability and liquid absorp- 
tion rate and satisfies the requirement for a battery sep- 
arator. Therefore, it is useful for the production of a high 
performance secondary battery having favorable over- 
charging characteristic and cycle characteristic. 

The wet-laid nonwoven fabric according to the 
present invention is prepared by subjecting a wet-laid 
web of staple fibers having a ratio UO of a fiber length L 
to a single fiber diameter D in a range 0.5 x 10 3 to 2.0 x 
10 3 to a hydroentangling treatment while taking a care 
not to leave a mark from a water jet on the web. 
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(54) Battery separator comprising a non-woven web of polyolefinic, grafted fibers 



(57) The present invention provides a battery sepa- 
rator comprising (a) a nonwoven web of fibers having a 
mean diameter of about 1 5 urn or less and (b) a gratt 
polymerized monomer on the surface of the nonwoven 
web which renders the nonwoven web spontaneously 
wettable by an alkaline electrolyte, wherein the nonwo- 
ven web comprises at least about 60 wt.% of a first poly- 
olefin having a first melting temperature and no more 
than about 40 wt.% of a second potyolefin having a sec- 



ond melting temperature which is lower than the first 
melting temperature, the nonwoven web has been sub- 
jected to a temperature between the first and second 
melting temperatures, and the nonwoven web has a 
thickness of at least about 50 urn. The present invention 
also provides a battery containing such a battery sepa- 
rator, as well as a method of preparing such a battery 
separator and battery. 
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TECHNICAL FIELD OF THE INVENTION 

The present invention pertains to a battery separator and associated method of production, as well as to a starved- 
electrolyte battery containing the battery separator. In particular, the present invention is directed towards a battery 
separator which is capable of being readily wetted by electrolyte and which has high tensile strength characteristics 
even when wetted by electrolyte. 

BACKGROUND OF THE INVENTION 1 

A wide variety of products, from consumer electronics to battery-powered electric vehicles, utilize electrochemical 
energy sources. Similarly, there are a great number of primary and secondary batteries that have been devised or 
proposed for these varying applications. For example, the following electrochemical systems are known: AgO/Zn, 
Ag 2 0/2n, HgO/Zn, HgO/Cd, Ni/Zn, Ni/Cd, Ni/MH, and Zn/air. 

A battery is a device that is capable of converting electrochemical energy into direct current and can be designated 
as either a primary or a secondary battery. The difference between primary batteries and secondary batteries is in the 
type of electrochemically active material that is employed. Primary batteries and fuel cells are defined as those battery 
systems that create electric current through the oxidation of fossil fuels and electrochemical derivatives. Kirk-Othmer 
Encvclooedia of Chemi cal Technology . 3, 545 et seq. (1978). As such, when the fuel or the electrochemically active 
material is completely consumed, the life of the battery is completely exhausted. Secondary cells, on the other hand, 
generate electrical current through reversible chemical reactions, and thus can be recharged by applying an external 
current through the battery in a direction opposite to normal current flow. jd. at 569. 

Batteries are made up of one or more battery cells. In its most elementary form, a battery cell comprises a pair of 
plates, namely, an anode and a cathode, a battery separator, and an electrolyte. When a toad is applied to the battery, 
electrons are generated through oxidation at the anode. The electrons thus generated pass through the load, then 
return to the battery cell at the cathode, where the cathode is reduced. 

In such battery cells, the electrolytic solution, i.e., the solution containing the electrolyte, is the medium for mass 
transport between the plates. The primary functions of the battery separator are to prevent physical contact between 
the plates and to retain the electrolytic solution. In a starved-electrolyte battery cell, the separator completely occupies 
the space between the plates, and the electrolytic solution is completely contained within the battery separator. The 
battery separator thus functions as the reservoir for the electrolytic solution in such cells. 

Battery separators for such electrochemical systems desirably possess a variety of characteristics. For example, 
the battery separator should be spontaneously, uniformly, and permanently wettable in order to accommodate and fully 
retain the electrolytic solution, which is typically aqueous. The spontaneous wettability of the battery separator ensures 
that the absorption of the electrolytic solution by the battery separator during battery manufacture will not result in the 
existence of spots which are devoid of electrolyte, e.g.. gas bubbles or air pockets, or otherwise result in a high resist- 
ance spot, within the battery separator, which would adversely affect performance. The uniform wettability of the battery 
separator ensures that the battery separators will have consistent properties and that, therefore, batteries manufactured 
using such separators will perform consistently and predictably. The permanent wettability of the battery separator 
ensures that, over the service life of a battery, the battery separator will not develop spots which are devoid of electrolyte, 
e.g., gas bubbles or air pocket, or other high resistance spots with nonuniform current distribution, wrthinin the battery 
separator, which would alter and adversely affect performance. 

The battery separator further should be dimensionally stable, and preferably does not swell or shrink significantly 
upon introduction of the electrolytic solution. Of course, the battery separator also should be chemically inert to the 
harsh electrolyte conditions commonly found within battery celts and, moreover, should remain useful for as many as 
ten years of battery service at temperatures ranging from -40 °C to +70 °C. In addition, the battery separator should 
have a high mechanical strength, particularly when wetted with an electrolyte. This will allow the battery separator to 
be incorporated into a battery using conventional manufacturing processes. 

Another desired feature of such a battery separator is that it presents a minimal electrolytic resistance, preferably 
a resistance less than about 350 mCi-cm 2 , e.g. , about 1 00-350 mQ-cm 2 , or even as low as 60 mfl-cm 2 or less, measured 
in 30% KOH at 1000 Hz at 23 °C, or as determined by the requirements of a given battery cell. Minimal electrolytic 
resistance is important for a number of reasons. For example, if the electrolytic resistance is too great, the power output 
of the battery is lessened correspondingly. 

The electrolytic resistance of a battery separator is a direct function of the ability of the electrolyte to pass through 
the separator. In addition, this resistance depends on the amount of electrolyte contained within the separator. For this 
reason, the battery separator preferably is designed such that the electrolytic solution is quickly and completely imbibed 
by the batterv seDarator. In other words, the battery separator should have a high capillarity and be completely wetted. 
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Moreover, for ease of battery manufacture, the battery separator should be able to rapidly wick the electrolytic solution 
when thesolution is introduced to the separator and thereby displace all of the air from the separator such that the 
separator becomes fully and homogenously wetted with the electrolyte. In addition, it is highly desirable that the battery 
separator have a high and consistent absorption capacity, i.e., that it is able to absorb a large quantity of electrolytic 
5 solution. Preferably, a battery separator should be able to absorb 100-500% of its weight of an electrolytic solution. 

A battery separator also preferably has a uniform structure. This entails that both the absolute thickness of the 
separator and the density of the separator be uniform. If the structure within the battery separator is not uniform, the 
electrolytic resistance of the battery can become nonuniform, for example, through the formation of spots devoid of 
electrolytic solution, e.g., gas bubbles or air pockets, within the separator. This can lead to a nonuniform current dis- 
w tribution within the battery separator, and, furthermore, internal shorting between the electrodes can take place leading 
to battery discharge and failure. In addition, if the electrolyte concentration within the battery separator should grow 
less uniform over time, the electrolytic resistance can rise to such a level as to render the battery inoperative. 

A further benefit of a uniform separator is that the properties of each separator produced by a given manufacturing 
process will be consistent and predictable. During the manufacturing process, many battery separators can be cut from 
is a single roll of material. If the physical properties of the lot of material vary, the separators produced from the material 
can have unpredictable characteristics. For example, the amount of electrolyte imbibed bv each seDarator can vary, 
causina difficulty with the final battery manufacturing process. Moreover, should a given lot of battery separators have 
diverse electrolytic resistances, wide fluctuations in the voltages and power outputs of the batteries produced with 
these separators can result 

20 Various battery separators have been designed throughout the years in an attempt to achieve one or more of these 

desirable advantages. Yet. in many cases the design of the battery separators has compromised a number of desirable 
features. For example, as a result of efforts to render the surface of the battery separators spontaneously wettable, 
many battery separators are formed with materials that are capable of being leached by the electrolytic solution. These 
materials can include surface-active compounds or other wetting agents. When these compounds are leached from 

2S the battery separator, the structure and spontaneous wettability with electrolyte of the separator is degraded. Moreover, 
the leached materials contaminate the electrolytic solution and can react with and degrade the electrolytic solution 
and/or the electrodes, thereby causing loss of power. Each of these effects reduces the useful life of the battery. Sim- 
ilarly, many battery separators contain metallic contaminants, which also can be leached into the electrolytic solution 
with similar adverse effects. Also, some processes of rendering battery separators spontaneously wettable can ad- 

30 versely affect the tensile properties of the battery separator, thereby rendering them difficult to utilize in the manufacture 
of batteries. 

A particular problem that the prior art has failed to. address in a satisfactory manner is the problem of dry spots 
within the separator. Nonunrformity can cause the electrolytic solution to channel through segments of the battery 
separator, thereby resulting in the formation of dry spots. These dry spots reduce the effective area through which the 

3S electrolytic solution can travel, thereby increasing the electrolytic resistance of the battery separator Nonuniformity 
can, in addition, cause innumerable manufacturing problems when attempting to produce batteries having consistent 
properties. Similarly, the insufficient tensile properties of a separator to withstand mechanical handling requirements 
during battery manufacture can increase battery manufacturing difficulties. 

Accordingly, the present invention seeks to attain the features desired of a battery separator with minimal com- 

40 promise. Thus, the present invention is directed toward producing a battery separator that is readily compatible with 
an electrolytic solution, and that has, for example, high capillarity, dimensional stability upon wetting, high absorption 
capacity, and good resistance to leaching and other chemical attack, while possessing good tensile properties and a 
low resistance to the passage of electrolyte. Complete batteries and methods of manufacturing battery separators and 
batteries also fall within the purview of the present invention. These and other advantages and benefits of the present 

45 invention will be apparent from the description of the present invention set forth herein. 



BRIEF SUMMARY OF THE INVENTION 

The present invention provides a battery separator comprising (a) a nonwoven web of fibers having a mean diam- 
so eter of about 15 urn or less and (b) a graft polymerized monomer on the surface of the nonwoven web which renders 
the nonwoven web spontaneously wettable by an alkaline electrolyte, wherein the nonwoven web comprises at least 
about 60 wt.% of a first polyolefin having a first melting temperature and no more than about 40 wt.% of a second 
polyolefin having a second melting temperature which is lower than the first melting temperature, the nonwoven web 
has been subjected to a temperature between the first and second melting temperatures, and the nonwoven web has 
ss a thickness of at least about 50 um The present invention also provides a battery containing such a battery separator, 
as well as a method of preparing such a battery separator and battery. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS . ( 

The battery separator of the present invention comprises battery separator comprising (a) a nonwoven weh t 
fibers having a mean diameter of about 15 um or less and (b) a graft polymerized monomer on the surface of m- 
nonwoven web which renders the nonwoven web spontaneousy wettable by an alkaline electrolyte The nonwov* 
web comprises at least about 60 wt.% of a first polyolefin having a first melting temperature and no more than abow 
40 wt.% of a second polyolefin having a second melting temperature which is lower than the first melting temperature 
The nonwoven web has been also subjected to a temperature between the first and second melting temperatures and 
has a thickness of at least about 50 um. 
« While the nonwoven web comprises at least about 60 wt.% of a first polyolefin having a first metting temperature 
and no more than about 40 wt.% of a second polyolefin having a second melting temperature which is lower than the 
tirst melting temperature, the nonwoven web preferably comprises at least aboul 70 wt.%, more preferably at least 
about 80 wt.% (e.g., about 80-90 wt.%). of the first polyolefin and no more than about 30 wt.%, more preferably no 
more than about 20 wt.% (e.g.. about 10-20 wt.%), of the second polyolefin. The fibers preferabfy comprise a core of 
uie first polyolefin and at least a partially surrounding surface coating of the second polyolefin. More preferably the 
fibers comprise a core of the first polyolefin and a sheath of the second polyolefin (i.e.. the second polyolefin forms a 
continuous coating over the surface of the core of the first polyolefin). 

The nonwoven web can be prepared from any suitable polyolefins. Suitable polyolefins include polyethylene poly- 
propylene, and polymethylpentene. The firs! polyolefin is preferably polypropylene, with the second polyolefin prefer- 
ably being polyethylene. The fibers of the nonwoven web can be prepared by any suitable means and formed into a 
nonwoven web by any suitable means, such as the conventional Fourdrinier paper making processes 

The nonwoven web is subjected to a temperature between the first and second melting temperatures of the first 
and second polyolefins. The nonwoven web can be calendared during or after such a heat-setting process and is 
preferably calendared during the heat-setting process, e.g.. by passing the nonwoven web through calendar rolls which 
are heated. Calendaring also can be useful to reduce the thickness of the nonwoven web and to improve its thickness 
uniformity. Calendaring, however, can adversely affect the strength characteristics of the nonwoven web, and thus 
care should be exercised in calendaring the nonwoven web so as not to adversely the affect its strength to such an 
extent that the nonwoven web will not provide sufficient strength for use a battery separator. In addition, the nonwoven 
web should not be calendared so as to render the nonwoven web nonporous. or so as to adversely affect the absorption 
and fluid flow properties across the nonwoven web to a significant extent. 

The fibers used to form the nonwoven web have a mean diameter of about 1 5 um or less. Preferably, substantially 
all of the fibers forming the nonwoven web have a diameter of about 15 urn or less. The fibers forming the nonwoven 
web will be typically about 8-1 2 um in diameter. 

The nonwoven web can have any suitable basis (or sheet) weight. The nonwoven web preferably has a basis 
weight of at least about 10 g/wt, more preferabty greater than about 20 g/m*. The nonwoven web will typically have 
a sheet weight of about 10-120 g/m 2 . 

The battery separator of the present invention can have any suitable tensile properties. Preferably, the present 
inventive battery separator will have a dry tensile strength and a wet (H 2 0) tensile strength in the machine direction 
of at least about 10 lb/linear in (about 175 kg/m) and a dry tensile strength and a wet (Hfi) tensile strength in the 
cross-machine direction of at least about 8 lb/linear in (about 140 kg/m). More preferably, the present inventive battery 
separator will have a wet (H a O) tensile strength in the machine direction of at least about 15 lb/linear in (about 265 
kg/m) and a wet (HjO) tensile strength in the cross-machine direction of at least about 1 0 lb/linear in (about 1 75 kg/m) 
The present inventive battery separator typically will have a dry elongation of at least about 20% and a wet (H,Oi 
elongation of at least about 40% in both the machine and cross-machine directions. 

All of the tensile properties discussed herein are as measured using an Instron® table model tester in the followinq 
manner which is similar to ASTM D-1117. The sample size is 1 in wide x 3 in long (2.54 cm wide x 7.62 cm long) The 
gnp separation is I in (2.54 cm). The strain rate is 1 in/min (2.54 cm/min). The testing temperature is 23 °C Tensile 
strength 1S calculated as follows. TS = F/W. where TS is tensile strength, F is the load at break, and W is the width of 
he sample. Percent elongation is calculated as follows: %E = ((L • l^yy x 100, where %E is percent elongation and 
a " d H> are *e elongation at break and initial distance between the grip, respectively. Ten samples are utilized in 
each direction (i.e.. the machine and cross-machine directions), and the reported results are averages of those ten 
samples. 

The nonwoven web can be of any suitable thickness and generally will be at least about 50 u.m The nonwoven 
web is preferably as thin as possible, e.g., sufficient to provide the desired strength and uniformity to the battery sep- ' 
arator Further, the separator should be of sufficient thickness to provide the needed physical and electrical separation 
between battery electrodes and the desired electrolyte capacity. The separator preferably has a thickness of less than 
about 500 jam, more preferably less than about 250 ujti, and most preferably about 50 to about 200 urn 

All of the thickness measurements discussed herein are as measured using a Federal Maxum® thickness gauge 
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^ (0 0001 in [2.54 nmD with a contact point area of 0.0276 in* (0.178 cm*) and a total dead weight on the contact point 
of 0 25 tb (0 11 kg), resulting in a media pressure of 9.06 psi (62.S kPa). A 10 ft long x 9.5-10.5 ,n w,de (30.5 cm long 
x 24-27 cm wide) sample is utilized for the thtekness measurements. The base line of the thtekness gauge is adjusted 
to zero prior to the measurement of each sample. The handle of the gauge is depressed; the weight .s raised, and then 
s the sample is inserted into the gauge, while attempting to maintain the sample as flat as possible throughout the 
measurement The gauge handle is released, and the weight is applied against the sample. When the gauge reading 
stabilizes that value is utilized as the thickness value. Five such readings are made across the w.dth of the sample, 
with such five readings being made at about 0.5 ft (15 cm) spaced intervals along the length of the sample. The resultmg 
100 readinqs are averaged and utilized as the thickness of the sample. " 

The nonwoven web should be as uniform as possible as regards thickness. Preferably the nonwoven web will 
have a thickness variability of no more than about ±1 0%. more preferably no more than about ±9%. which ^presents 
about 3 standard deviations of the mean thickness of the nonwoven web. Most preferably, the nonwoven web will have 
a thickness variability of no more than about ±5%. 

The nonwoven web can be graft poVmerized with any suitable monomer in any suitable manner to render the 
nonwoven web spontaneously wettable by an alkaline electrolyte, e.g.. 20-40% KOH. Preferab V. *e nonwoven^ web 
will be modified to have a critical wetting surface tension (CWST) of at least about 70 dynes/cm (about 70 mN/m) as 
determined by the CWST test disclosed in U.S. Patent 4.880.548. More preferably, the nonwoven web has a critical 
wetting surface tension of at least about 79 dynes/cm (about 79 mN/m). and. most preferably, the nonwoven web is 
characterized by a drop of a fluid having a critical wetting surface tension of about 83 dynes/cm (about 83 mN/m) 
contacting the surface of said nonwoven web being absorbed into said nonwoven web in less than about 10 sec. 

The monomer preferably is selected from the group consisting of vinyl sulfonic acid, vinyl phosphonic acid, and 
acrylic and methacrylic acid monomers and hydroxyl functional derives thereof. More preferably .the rraanerB 
selected from the group consisting of acrylic acid, methacrylic acid, hydroxyethylacrylate. hydroxyethylmethacrylate, 
hydroxypropylacrylate. hydroxypropylmethacrylate. and combinations thereof, particularly methacrylic acd and hy- 

wliiranTsuiSemeans can be used to graft polymerize the monomer onto the hydrophobic fibers employed in 
the present invention, radiation grafting is the preferred technique to achieve the desired result. The source of the 
radiation can be from radioactive isotopes such as cobalt 60. strontium 90, or cesium 137. Alternative^ . the , mte ion 
may come from such sources such as X-ray machines, electron accelerators, ultraviolet generators, and the ike. Elec- 

30. tron beam (E-beam) radiation is the preferred source of radiation in that it yields a uniformly grafted product. 

Grafting will typically be accomplished by either irradiating the nonwoven web and then exposing it to a su. able 
solution of monomer, or. alternatively, by irradiate the nonwoven web while it is contacted wrth ia solufor .of the 
monomer. If the polymerization is effected by the former method, the nonwoven web should contact the monomer 
solution as quickly as possible in order to minimize any side-reactions that will deplete the active sites generated by 

os the radiation. In either case, the radiation should be conducted in the absence of oxygen, which reduces the effective- 
ness of the process. Preferably, irradiation is performed under inerting by nitrogen or other noble gas(es). 

After completion, the battery separator should be readily and uniformly wettable in a consistent manner, wh.ch 
allows for the efficient and complete introduction of electrolyte during battery manufacture. A practical measure of the 
wettability of a battery separator is wicking rate of the battery separator, e.g., the relative time for a battery ^JParator 

40 to vertically wick an electrolyte a given distance. The present inventive battery separator preferably ,s able tc .vert calfy 
wick 30% KOH to a distance of 1 inch (2.54 cm) in less than about 300 seconds, more preferably less than about 200 
seconds, and most preferably less than about 150 seconds. An alternate test method involves the measurement of 
the vertical distance climbed during a fixed time interval, e.g.. 30 seconds or 1 minute. 

The present invention also encompasses a method of making a battery separator as descnbed herein. The method 

« comprises (a) preparing a nonwoven web of fibers having a mean diameter of about 1 S urn or less, wherein the non- 
woven web comprises at least about 60 wt.% of a first polyolefin having a first melting temperature and no more han 
about 40 wt % of a second polyolefin having a second melting temperature which is lower than the first melting tem- 
perature, and the nonwoven web has a thickness of at least about 50 urn, (b) subjecting the nonwoven web to a 
temperature between the first and second melting temperatures, and (c) graft polymerizing a monomer on the surface 

so of the nonwoven web which renders said nonwoven web spontaneously wettable by an alkaline electrolyte, e.g.. 20-40% 
KOH The various aspects of the present inventive method, such as the preferred characteristics of the nonwoven web 
preferred monomer for graft polymerization, and the like, have been discussed above with respect to the present 

inventive battery separator. in 
The present invention further provides for a novel battery, as well as a method of preparing such a battery. In 
ss particular, the present invention provides a battery, particularly a starved-electrolyte battery, wherein the improvement 
comprises the inclusion of the battery separator of the present invention. Similarly, the present mvention provides a 
method of preparing a battery, particularly a starved-electrolyte battery, wherein the improvement comprises the inclu- 
sion within such a battery of the battery separator of the present invention. The battery separator of the present invent™ 
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can be incorporated into a battery using any suitable manufacturing process. A wide variety of primary and secondary 
batteries fall within the purview of the present invention, for example, AgO/Zn, AggO/Zn, HgG/Zn, HgO/Cd, Ni/Zn 
Ni/Cd, Ni/MH, and Zn/air electrochemical systems. These batteries may be made by, for example, arranging a number 
of battery cells in series, wherein at least one of the cells contains a battery separator of the present invention. 

The following examples further illustrate the present invention and, of course, should not be construed as in any 
way limiting its scope. 

Example 1 

i 

This example provides an illustration of battery separators according to the present invention. 

A roll of Hirose® HOP50H nonwoven web was obtained with the properties set forth below for the untreated control. 
The nonwoven web comprises fibers of a polypropylene core and surrounding polyethylene sheath such that the fibers 
are about 80 wt.% polypropylene and about 20 wt.% polyethylene. As obtained, the nonwoven web had already been 
subjected to a temperature between the melting temperatures of polypropylene and polyethylene, namely 140 °C. 

The nonwoven web was divided into four samples. Two of the samples were E-beam grafted utilizing a monomer 
solution of 6 vol.% HEMA, 10 vol.% MA, 0.05 voi.% DEGDMA, 25 vol.% t-butyl alcohol, and 58.95 vol.% water, with 
one of the two samples receiving a radiation dose of about 1.5 Mrad and the other of the two samples receiving a 
radiation dose of about 2 Mrad. The other two samples were E-beam grafted utilizing a monomer solution of 4 vol.% 
hydroxyethylmethacrylate (HEMA), 12 voi.% methacrylic acid (MA), 0.05 vol.% diethyleneglycol dimethacryiate 
(DEGDMA), 25 vol.% t-butyl alcohol (TBA), and 58.95 vo(.% water, with one of the two samples receiving a radiation 
dose of about 1.5 Mrad and the other of the two samples receiving a radiation dose of about 2 Mrad. The samples 
were then washed with deionized water and dried in an air-circulating oven. The properties of these samples are set 
forth below in Table 1 . 
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As is apparent from the test results set forth in Table 1, the present inventive battery separators exhibit good 



7 



EP 0 710 994 A2 

wicking, absorption, and resistance properties. Moreover, these desirable characteristics are achieved without sign£ 
icant adverse effects with respect to air flow and tensile properties as compared to the untreated control. 

Example 2 



10 



This example illustrates the good wettability properties of the battery separators of the present invention. 

Each of the four grafted samples, as well as the untreated control, from Example 1 were evaluated for wettability 
In particular, ten drops of a test fluid having a certain critical wetting surface tension were placed fn an evenly spaced 
manner on a 1 ft x 1 ft (30 cm x 30 cm) area of the untreated control and each of the grafted samples. The time for the 
fluid drops to be absorbed by the untreated control and each of the grafted samples was then observed. This test was 
then repeated for three other fluids having different critical wetting surface tensions on new 1 ft x 1 ft (30 cm x 30 cm) 
areas of the untreated control and each of the grafted samples. The results of this evaluation are set forth below in 
Table 2. 
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Table 2 



Fluid CWST 


Untreated Control 


Sample A 


Sample 8 


Sample C 


Sample 0 


72 dynes/cm [72 mN/m] 


not wetted 


instant 


instant 


instant 


instant 


79 dynes/cm [79 mN/m] 


not wetted 


instant 


instant 


instant 


instant 


83 dynes/cm [83 mN/m] 


not wetted 


<10 sec 


<5 sec 


<5 sec 


<5 sec 


87 dynes/cm (87 mN/m] 


not wetted 


60 sec 


45 sec 


60 sec 


45 sec 



2$ 



The test results set forth in Table 2 demonstrate the good wettability of the present inventive battery separators. 
The ability of the battery separators of the present invention to readily absorb fluids of high critical wetting surface 
tensions further demonstrates the excellent suitability of the separators in the manufacture of batteries. 



45 



SO 



Example 3 

This example illustrates the good tensile properties of the battery separators of the present invention, particularly 
when wet, as compared to the untreated control. 

The untreated control and four grafted samples of Example 1 were evaluated as to their respective tensile prop- 
erties. In particular, the tensile strength and elongation values in the machine direction (MD) and cross-machine direc- 
tion (CO) were determined for each of the examples in the dry condition and as saturated with water. The results of 
these tests, which were conducted in duplicate, are set forth below in Table 3. 
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The tensile property results set forth in Table 3 demonstrate that there is no significant decrease in the dry tensile 
strength attendant the E-beam grafting of the nonwoven web to prepare the present inventive battery separators. 
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Moreover, the wet tensile strength properties of the present inventive battery separator are at least about the sarn 
as, and are generally improved over, the dry tensile strength properties of the same battery separators and the drv 
and wet tensile strength properties of the precursor ungrafted nonwoven web. Furthermore, the wet elongation proZ 
erties of the present inventive battery separators are nearly the same as the dry and wet elongation properties of th 
ungrafted nonwoven web. 

All of the references cited herein, including publications, patents, and patent applications, are hereby incorporated 
in their entireties by reference. 

While this invention has been described with an emphasis upon preferred embodiments, it will be apparent to 
those of ordinary skill in the art that variations of the preferred embodiments can be used and that it is intended that 
the invention can be practiced otherwise than as specifically described herein. 'Accordingly, this invention includes all 
modifications encompassed within the spirit and scope of the invention as defined by the following claims. 



Claims 



1 . A battery separator comprising (a) a nonwoven web of fibers having a mean diameter of about 1 5 |im or less and 
(b) a graft polymerized monomer on the surface of said nonwoven web which renders said nonwoven web spon- 
taneously wettable by an alkaline electrolyte, wherein said nonwoven web comprises at least about 60 wt.% of a 
first polyolefin having a first melting temperature and no more than about 40 wt.% of a second polyolefin having 
a second melting temperature which is lower than said first melting temperature, said nonwoven web has been 
subjected to a temperature between said first and second melting temperatures, and said nonwoven web has a 
thickness of at least about 50 urn. 



2. The battery separator of claim 1, wherein said nonwoven web has a critical wetting surface tension of at least 
about 79 mN/m. 



3. The battery separator of claim 1 or 2, wherein said nonwoven web has a thickness of about 500 |im or less and 
has a thickness variability of no more than about ±10%. 

4. The battery separator of any of claims 1-3, wherein said battery separator has a dry tensile strength and a wet 
(H 2 0) tensile strength in the machine direction of at least about 175 kg/m, and wherein said battery separator has 
a dry tensile strength and a wet (H 2 0) tensile strength in the cross-machine direction of at least about 140 kg/m. 

5. The battery separator of any of claims 1-4, wherein said nonwoven web comprises at least about 80 wt% of said 
first polyolefin and no more than about 20 wt.% of said second polyolefin. 

6. The battery separator of any of claims 1-5, wherein said fibers comprise a core of polypropylene and at least a 
partially surrounding surface coating of polyethylene. 

7. A starved-eiectrolyte battery, wherein the improvement comprises the inclusion of the battery separator of any of 
claims 1-6. 

8. A method of preparing a battery separator, wherein said method comprises (a) preparing a nonwoven web of fibers 
having a mean diameter of about 15 jim or less, wherein said nonwoven web comprises at least about 60 wt.% 
of a first polyolefin having a first melting temperature and no more than about 40 wt.% of a second polyolefin having 
a second melting temperature which is lower than said first melting temperature, and said nonwoven web has a 
thickness of at least about 50 u.m, (b) subjecting said nonwoven web to a temperature between said first and 
second melting temperatures, and (c) graft polymerizing a monomer on the surface of said nonwoven web which 
renders said nonwoven web spontaneously wettable by an alkaline electrolyte. 

9. The method of claim 8, wherein said nonwoven web has a critical wetting surface tension of at least about 79 mN/m. 

10. The method of claim 8 or 9, wherein said nonwoven web comprises at least about 80 wt.% of said first polyolefin 
and no more than about 20 wt% of said second polyolefin. 

11. The method of any of claims 8-10, wherein said fibers comprise a core of polypropylene and at least a partially 
surrounding surface coating of polyethylene. 
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A method of preparing a starved-electrolyte battery, wherein the improvement comprises the inclusion within a 
starved-electrolyte battery of the battery separator of any of claims 1 -6. 
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Description 



TECHNICAL FIELD 



The present invention relates to an improved wet-laid nonwoven fabric for a battery separator, a method for man 
facturing the same, and a sealed type secondary battery using the same. ' U * 



BACKGROUND ART 



20 



25 



45 



so 



55 



JO A nonwoven fabric for a battery separator has a function for separating an anode frorWa cathode, preventing elec- 
trode active material or electrode debris from migrating from one electrode to another to cause a short-circuit and 
retaining an electrolyte therein. Also it must have a low internal resistance anoYor a favorable chemical stability and 
durability against electrolyte. Particularly, in a secondary battery such as a Ni-Cd storage battery, it is necessary that 
an oxygen gas generated upon overcharge due to a cathode reaction is smoothly consumed in an anode, and the elec- 
15 trolyte is prevented from being released from the separator due to the change in electrode thickness upon charging/dis- 
charging. A high gas-permeability and a high electrolyte holding capability are also required as a separator even after 
the compression is repeated. Also, a mechanical strength durable against a tension applied to the separator when the 
same is incorporated in a battery is one of the important requisites. 

However, battery separators made of a conventional nonwoven fabric, such as a melt-blown type, a flash-spun 
type, a dry-laid type or a wet-laid type, has been unsatisfactory in the above requirement. 

For example. Japanese Unexamined Patent Publication (Kokai) No. 1-157055 proposes the improvement in 
mechanical strength, electrolyte retention capability and short-circuit preventing ability, by heating a melt-blown type 
nonwoven fabric under a predetermined condition to form a compact structure on the surface thereof. However the 
mechanical strength of the nonwoven fabric could not be improved by merely hot-pressing the same, but higher tem- 
perature and pressure are necessary for obtaining a desired mechanical strength, which results in a problem in that the 
electrolyte holding capability and gas-permeability deteriorate thereby. Japanese Unexamined Patent Publication 
(Kokai) No. 2-2591 89 discloses the improvement in mechanical strength and electrolyte retention capability of a non- 
woven fabric by thermally bonding alkali-resistant fibers with hot-melt fibers in a wet-laid mixture fiber sheet However 
it is necessary to increase an amount of hot-melt fibers and increase the bonding temperature to obtain a higher 
mechanical strength, which results in a reduction in the number of voids in a fiber surface and a sheet to cause the dete- 
noration of electrolyte retention capability. On the contrary, rf a lower thermal bonding temperature is used, the mechan- 
ical strength becomes unsatisfactory for a battery separator and causes a problem in that the nonwoven fabric structure 
is liable to collapse upon compression, due to a poor interf ber entanglement which results in the exhaustion of elec- 
trolyte in the separator; a so-called m dry-ouT; and increases the electric resistance of the battery. 

Japanese Unexamined Patent Publication (Kokai) No. 6 1 -281 454 discloses that a melt-blown type nonwoven fabric 
comprising fbers having a single fiber diameter in a range from 0.1 to 2 urn is bonded with a sheet comprising fibers 
having a single fiber diameter of 5 Mm or more by a highly pressurized water jets to result in a product suitably used for 
a battery separator, improved in air permeability and cathode/anode separation ability and capable of preventing short- 
circuit from occurring due to the migration of active material or debris from electrodes. However, the resultant nonwoven 
product has a plurality of through-holes on the surface thereof due to the highly pressurized water jets, which deterio- 
rates the ability for preventing the active material from migrating. In Japanese Unexamined Patent Publication (Kokai) 
No. 5-8986, a method is disclosed wherein a nonwoven fabric is compressed with rolls having different peripheral 
speeds to contract the through-holes, but the through-holes, once formed on the surface of the nonwoven fabric are 
difficult to eliminate. 

Since the nonwoven labhc disclosed in the above-mentioned Japanese Kokai No. 61-281454 is a sheet of a dou- 
ble-layer structure comprised of a melt-blown type nonwoven fabric of ultra-fine fibers and a dry-laid web. surface areas 
and densities of fibers composing the layers are different between the respective layers in the cross-sectional direction 
and thus the electrolyte held therein becomes uneven to increase the internal battery resistance. Also, since the non- 
woven fabric layer of melt-blown fibers lacks the uniformity in basis weight due to the spinning method itself, it is impos- 
sible to inhibit the migration of active material through a portion having a lower basis weight, whereby the short-circuit 
preventing ability becomes inferior. In addition, since the nonwoven fabric is liable to wear due to the compression 
thereof by the repetition of volumetric change caused by the charging/discharging of the secondary battery, the electro- 
lyte may be released therefrom to deteriorate the durability of the secondary battery against the repetition of charg- 
ing/discharging cycles. 

In Japanese Unexamined Patent Publication (Kokai) No. 5-74440. there is a disclosure that, after a wet-laid mixture 
sheet of staple fibers, hot-meft fibers and a synthetic pulp is subjected to a fluid treatment the hot-melt fibers and the 
synthetic pulp fibers are heat-bonded to each other to obtain a nonwoven fabric improved in short-circuit preventing 
ability, electrolyte retention capability and mechanical strength. This proposal however, has a drawback in that the syn- 
thetic pulp fiber is not capable of maintaining its fibrous shape during the heat treatment for bonding the hot-melt fibers 
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sionally and randomly entangled with each other in a cross-section of a nonwoven structure, and at least part of the hot 
melt fibers forming the interlaced structure are adhered to the thermoplastic staple fibers to fix the nonwoven structure 
The mean fiber entangling point interval referred to in the present invention is a measure for an entangling density 
between fibers in a nonwoven structure measured in accordance with a method disclosed in Japanese Unexamined 
Patent Publication (Kokai) No. 58-191280, from page 443, lower right column, line 8 to page 444, upper left column line 
2. That is, while a surface of a nonwoven sheet is observed by a scanning type electron microscope, an optional pair of 
fibers (f ,} and (fg) interlaced with each other at a point (a^ are selected from a group of fibers (f,), (f 2 ) ( (f 3 ) ... (y as 
shown in Fig. 1 described later. The upper ffoer (f 2 ) is traced until reaching a point (a 2 ) where it-runs beneath a "third 
fiber. A linear distance between the two interlaced points (a,) and (a 2 ) is measured as a fiber entangling point interval. 
The same procedure is repeated 50 times for other optional pairs of fibers to obtain S(j interlaced point distances, which 
are simply averaged to result in the mean fber entangling point interval. The smaller this value, the higher the entan- 
gling density. 

Since the wet-laid nonwoven fabric for a battery separator according to the present invention has a compact, three- 
dimensionally entangled structure of which the mean fiber entangling point Interval is 300 urn or less, comprised of sta- 
ple fibers having a single fiber diameter of 20 \xm or less, it has an excellent uniformity inherent to a wet-laid nonwoven 
fabric comprised of staple fibers while solving the problem of insufficient strength inherent to the wet-laid nonwoven fab- 
ric. Since this nonwoven fabric is excellent in formation, a separator capable of inhibiting the migration of electrode 
active material (i.e., passing of active material through ftoer interstice) is obtainable therefrom, even though a basis 
weight is smaller, and thus it is possible to significantly improve a life span and a resistance to short-circuits of a sec- 
ondary battery wherein a charging/discharging cycle is repeated. Also, since the mechanical strength is high, it is pos- 
sible to reduce a basis weight of the battery separator, and thus to incorporate more active material for electrode into 
the battery, resulting in an increase in the capacity of the battery. 

Also, since an internal resistance of the battery separator according to the present invention is low, because of a 
compact interlaced structure having the mean fiber entangling point interval of 300 \im or less, this separator exhibits 
an excellent performance in that the charging voltage of the secondary battery is low and the discharging voltage is 
high. In addition, since the nonwoven fabric according to the present invention has a high resistance to compression, a 
change in thickness of electrode when the charging/discharging is repeated is minimized, whereby it is possible to sup- 
press the increase in internal resistance and/or the drying-out of electrolyte within the separator due to the compression 
thereof. These properties are further enhanced if the mean fiber entangling point interval is 250 or less, preferably 
200 ,um or less. In other words, if the mean fiber entangling point interval is more than 300 nm, that is, when the entan- 
gling density of fibers is lower, the above-mentioned properties or effects would not be achievable in the separator. 

Although the wet-laid nonwoven fabric for a battery separator according to the present invention is treated during 
the production thereof with a highly pressurized columnar water jet to have a three-dimensional entangled structure of 
staple fibers, there is substantially no stripe marks thereon due to such a highly pressurized columnar water jet. In the 
prior art when a fibrous sheet is subjected to a highly pressurized columnar water jet treatment continuous stripes 
caused by the water jets ejected from nozzles moving relative to the fibrous sheet appear on the surface of the resultant 
nonwoven fabric. It was found through a microscopic observation that this continuous stripe mark is concave, and 
accompanied with a convex zone of unevenly distributed fibers in the vicinity thereof. If such a wet-laid nonwoven fabric 
having continuous microscopic marks on the surface thereof is used as a separator, the migration of active material 
occurs in the concave zone of continuous mark having a smaller basis weight, resulting in the deterioration of resistance 
to short-circuit. Since the wet-laid nonwoven fabric according to the present invention is extremely uniform and there is 
no substantial continuous mark described above on the surface thereof, it exhibits an excellent resistance to short-cir* 
cuit and a long life span against the repetition of charging/discharging cycle when used as a battery separator even if it 
has a smaller basis weight and is applied to a high capacity secondary battery. 

The wet-laid nonwoven fabric for a battery separator is characterized by a uniform basis weight. A sheet formation 
thereof is preferably 100 or less, more preferably 80 or less. 

The sheet formation referred to in the present invention is a measure for representing a uniformity of fiber disper- 
sion or fiber distribution in the weMaid nonwoven structure, which is an overall index for estimating the irregularity of the 
nonwoven fabric, including basis weight, thickness, density or others. While various methods have been known for 
measuring the sheet formation, the present invention adopts "sheet formation" measured by a marketed formation 
tester (FMT-1000A available from Nomura Shoji K.K.) described later based on a principle of "image analysis type for- 
mation (C)" disclosed in "Estimation of Watermark Formation (1 ) --Estimation by Marketed Formation Tester--" by Junji 
OSAWA; Journal of Paper & Pulp Technology Association. Vol. 46, No. 7. pages 78 to 93. This sheet formation properly 
represents the variance of basis weights in micro areas of the nonwoven fabric, and is usable in place of a uniformity. 
The smaller the value, the more the uniformity relied upon the fiber distribution. 

If the sheet formation exceeds 1 00, the variance of basis weights in micro areas becomes too large to suppress the 
migration of electrode active material through a portion having a small basis weight, resulting in a risk of short-circuit 
and/or the deterioration of cycle performance of the secondary battery. 

An electric resistance of the wet-laid nonwoven fabric is preferably 1.QQ or less, preferably 0.8a or less. If the elec- 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic enlarged view of an interlaced state of fibers on a surface of a nonwoven fabric, wherein 
(fe). (h) ft) denote individual fibers, respectively, and (a,), (a^. (a 3 ) ... (a r ) denote interlaced points, respectively 

Fig. 2 shows graphs illustrating the relationship between an Electricity capacity ratio and a cycle number of a s 
ondary battery using wet-laid nonwoven fabrics for a battery separator according to Examples 1 to 3 of the pres^" 
invention, in comparison with that of Comparative Examples. ent 

Fig. 3 shows graphs illustrating the relationship between an Electricity capacity ratio and a cycle number of a sec- 
ondary battery using wet-laid nonwoven fabrics for a battery separator according to Examples 6 to 8 of the present 
invention, in comparison with that of Comparative Examples. 

Fig. 4 schematically shows one example of a stress-strain curve when a compressive load is applied to a surface 
of a raised wet-laid nonwoven fabric according to the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 



The thermoplastic staple fibers and the hot-melt staple fibers suitable for the present invention are preferably those 
having durability against an alkali or an acid such as an electrolyte. 

Examples of alkaline storage batteries include nickel-cadmium types, nickel-hydrogen types, nickel-iron types and 
silver oxide-zinc types of a button shape or a cylindrical shape. For such batteries using an alkaline electrolyte, the fol- 
lowing is preferably used but not limited thereto; alkali-resistant polyolef ins such as polyethylene or polypropylene; poly- 
olefins having hydrophilic groups such as COOH, S0 3 H, OH, COOM, S0 3 M or OM (M denotes a light or heavy metal); 
polyamides such as nylon 6, nylon 66. nylon 610, nylon 612, nylon 10 or nylon 12; aramids such as polyparaphenylene- 
terephthalamide; which may be used alone or in combination with others. 

A lead storage battery is a typical one using an acidic electrolyte. For such batteries, the following is preferably 
used; acid-resistant polyesters such as polyethyleneterephthalate or polybutyleneterephthaiate; polyolefins such as 
polyethylene or polypropylene; polyolefins having hydrophilic groups such as COOH. S0 3 H. OH. COOM, S0 3 M or OM 
(M denotes a light or heavy metal); acrylics; aramids such as polyparaphenyleneterephthal amide; which may be used 
alone or in combination with others. 

The hot-melt fibers composing the nonwoven fabric of the present invention are those having a melting point lower 
by 20°C or more than that of the thermoplastic staple fibers. If there are two kinds or more of the thermoplastic staple 
fibers, the melting point of the hot-melt fiber is preferably lower by 20°C or more than that of the thermoplastic staple 
fiber having the lowest melting point. If the difference between the melting points is less than 20°C. part of the thermo- 
plastic staple fibers may be fused when the hot-melt fibers are fused, to cause a problem in that a sufficient strength is 
not obtainable in the resultant nonwoven structure and an electrolyte holding capability becomes poor. 

The hot-melt fibers used in the present invention may be conventional ones usually used for a thermally bonded 
dry-laid nonwoven fabric or a thermally bonded wet-laid nonwoven fabric, including composite fibers such as a sheath- 
core type or a side-by-side type and mono-component fibers. Of them, in view of a favorable liquid-holding capability, a 
high tensile strength and a good dimensional stability, the sheath-core type is most preferable as a hot-melt fiber. 

For example, the sheath-core type hot-melt fiber of alkali-resistant type includes, for example, one having a nylon 
66 core component and a nylon 6 sheath component; one having a nylon 6 or nylon 66 core component and a nylon 
copolymer sheath component such as nylon 612 or nylon 610, or a polyolefin sheath component such as polyethylene 
or polypropylene; and one having a polypropylene core component and a polyethylene sheath component. 

On the other hand, as the sheath-core type heat fusible fiber of acid-resistant type, a combination of a polyester 
core component such as polyethyleneterephthalate or polybutyleneterephthaiate and a polyester copolymer sheath 
component or polyolefin sheath component such as polyethylene or polypropylene is preferably used for the present 
invention. 

In the nonwoven fabric according to the present invention, a mixture ratio of the hot-melt fibers to the nonwoven fab- 
ric is in a range from 5 to 80% by weight, preferably from 10 to 70% by weight, more preferably from 10 to 40% by 
weight. 

If the mixture ratio exceeds 80% by weight, bonded portions between fibers excessively increase to lower the liquid 
retention ratio. Contrarily, if the mixture ratio is less than 5%, the tensile strength and the dimensional stability become 
poor. In the latter case, even though the nonwoven fabric wherein the staple fibers are three-dimensionally and com- 
pactly entangled with each other is used as a battery separator, it may shrink in the widthwise direction under tension, 
to result in a problem of electrode short-circuit when the battery is assembled, or it may be liable to collapse to cause 
drying-out of electrolyte. 

It is necessary that a single fiber diameter of the thermoplastic staple fiber and the hot-melt fiber is 20 or ,ess 
in view of the gas permeability, short circuit preventing ability and electrolyte holding capability, preferably in a range 
from 1 to 20 ^m. more preferably from 2 to 20 gm. If the single fiber diameter is excessively small, the gas-permeability 
becomes poor, while if exceeding 20 n™, an interfiber distance becomes too large to result in a favorable short-circuit 
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D - V [4d/(rc x 9 x 10 5 x p)] x 10* 



wherein D is a single fiber diameter OunJ. p is a density (g/cm*) of polymer forming the sing.e fiber, d is a single fiber 
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the raised ftoers, whereby the sealed type secondary battery inciting such a separator therein exhfcKs a .urlher 
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A distance between the nozzle and the conveyor net carrying the sheet is 100 mm or less, preferably 50 mm or less 
For example, in the most favorable aspect for obtaining a sufficiently interlaced sheet wherein the formation irregularity 
due to the continuous marks of the water jets is minimized and the favorable uniformity of the mixture fiber sheet is 
maintained, a metallic net having a mesh size in a range from 10 to 100 is disposed between the nozzle and the con- 
5 veyor net at a distance of 25 mm from the conveyor net to convert continuous columnar water jets to intermittent colum- 
nar water jets or water sprays. 

In this aspect, both of the rocking motion of the nozzfe header and the insertion of the metallic net having a mesh 
size in a range from 10 to 80 are necessary for achieving the object of the present invention. That is. if the metallic net 
is solely inserted, not accompanying the rocking motion of the nozzle header, the intermittent columnar water jets and 

io wave-shaped marks caused thereby are not obtainable. Instead, a continuous linear mark of the water jet may be 
formed if an open space exists in a region of the metallic net directly beneath the nozzle, or no water jet mark may 
appear at all if the columnar water jet is completely interrupted by a wire of the metallic net. It is also conceivable to 
move the inserted metallic net and fix the nozzle header. However, this is unfavorable in view of the distribution of the 
entangled points. According to such an entanglement the discontinuous wave-shaped marks are obtainable due to the 

is intermittent columnar water jets, and an extremely uniform wet-laid nonwoven fabric having the sheet formation of 100 
preferably 80 is achievable. 

A suction is applied from the lower side of the conveyor net to quickly and sufficiently remove the treatment water 
A static pressure of the suction is -30 mmHg or more, preferably -50 mmHg or more, more preferably -80 mmHg or 
more, whereby a uniform fiber entanglement is attainable while suppressing the migration of fibers, resulting in a hioh 
w strength wet laid nonwoven fabric. 

The water jet treatment may be alternately earned out on front and back sides of the mixture fiber sheet or solely 
on one side. 

The number of water jet treatments may be optionally selected in accordance with the purpose. For a mixture fiber 
sheet having a relatively smaller basis weight, for example, in a range from 10 to 100 g/m 2 , the treatment is preferably 
'5 carried out under the hydraulic pressure in a range from 3 to 40 kg/cm 2 on both sides or one side. 

In any cases, the entangling treatment must be continued until the mean fiber entangling point interval of 300 ]im 
or less, preferably 200 ^m or less, more preferably 150 jim or less is reached. 

According to this entangling treatment, fibers composing the mixture fiber sheet are entangled with each other by 
the water jets to form a firm bonding. That is. the staple fibers and the hot-melt fibers are three-dimensionally entanqled 
o with each other. s 

If the mean fiber entangling point interval exceeds 300 |im, no sufficient mechanical strength is obtainable. Also 
since the fiber orientation in the cross-sectional direction of the nonwoven fabric is insufficient the compression stress 
becomes lower to increase the electric resistance. Thus, a battery separator suitable for the practical use is not obtain- 
able. 

Next, the resultant entangled sheet is heat-treated to fuse part or all of the hot-melt fibers. The heat-treatment is 
preferably carried out by a non-contact type hot air drier for a short time, for example, in a range from 5 seconds to 10 
minutes, to not deteriorate the gas-permeability and the electrolyte retention ratio. The heat-treatment temperature is 
higher than a melting point of the hot-melt ftoer and lower than that of the stapie.fiber. 

According to such a heat-treatment the thermoplastic staple fibers and the hot-melt fibers are adhered with each 
other at the entangled points by the fused hot-melt fibers while maintaining the three-dimensionally entangled structure. 
If the heat-treatment is carried out on a sheet wherein such a three-dimensional entanglement is not done or the mean 
foer entangling point interval exceeds 300 Mm, a fused film is formed between ffoers arranged in a side-by-side manner 
because there are few entangle points between the thermoplastic staple fibers and the hot-melt fibers. This is appar- 
ently distinguished from the sheet of the present invention. It is thought that, according to the present invention the 
three-dimensionally entangled structure having the mean fiber entangling point interval of 300 jim or less is fixed as it 
is at a number of entangled points by the fused hot-melt fibers, whereby a high electrolyte holding capability and a small 
electnc resistance necessary for the battery separator are obtained. 

The nonwoven fabric for a battery separator thus obtained is subjected to a compression treatment if a thickness 
adjustment is necessary, by means of a calender drier or a embosser: In such a case, however, conditions must be 
selected not to extremely lower the gas permeability and the electrolyte retention ratio. Also, a hydrophilic treatment 
may be carried out to enhance an initial affinity of the separator with electrolyte. Such a hydrophilic treatment includes 
an application of a generally used surfactant, a sufphonation treatment, a f luorination treatment, a plasma treatment or 
a corona discharge treatment. 

The hydrophilic treatment is preferably carried out prior to the compression treatment by means of the calender 
drier or the embosser if a hydrophilic product further improved in uniformity is desired, but the present invention is not 
imrted thereto. That is, when the hydrophilic treatment is carried out after the compression treatment, the electrolyte is 
liable to be irregularly permeable through the separator because of the treatment unevenness on the ftoer surface. 

The wet-laid nonwoven fabric thus obtained is useful for a battery separator requiring not only the separation ability 
between cathode and anode, the short-circuit preventing ability and the electrolyte retention capability but also the gas 
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permeability in a secondary battery, which performances must not deteriorate even after the repetition of charging/dis- 
charging cycles. 

The wet-!aid nonwoven fabric having the above-mentioned characteristics is used for a primary battery such as a 
manganese battery using a zinc anode and a manganese dioxide cathode or an alkali-manganese battery using an 
5 alkaline electrolyte, and is favorably used for a secondary battery which is repeatedly charging/discharging and requires 
that no deterioration occurs in the separator performance even after the repetition of charging/discharging. 

The secondary battery includes, for example, a lead storage battery using a sulfuric acid electrolyte, a lead anode 
and a lead dioxide cathode, a nickel-cadmium type alkaline storage battery using alkaline electrolyte, a cadmium anode 
and a nickel oxyhydroxide cathode, a nickel-iron type alkaline storage battery using an iron powder anode instead of the 
10 cadmium anode, and a nickel-hydrogen type alkaline storage battery using a hydrogen (hydrogen-adsorption alloy) 
anode. In addition to performances required for the primary battery, such as a high electromotive force, a small internal 
resistance, a large electric capacity per unit weight or unit volume of the battery, or a small -self-discharge, the second- 
ary battery requires a high charging/discharging cycle performance and a high safety in overcharged/discharged states. 
Also, the deterioration of performances must be inhibited even after the repetition of charging/discharging cycles. If oxy- 

rs gen and hydrogen generated by the decomposition of water during charging can be minimized or completely con- 
sumed, it is possible to seal the secondary battery. The above-mentioned secondary batteries are of a sealed type and 
used as a power source for a portable appliance. When a separator is mounted in a sealed type tubular alkaline sec- 
ondary battery, the nonwoven fabric is stretched in the vertical direction by a constant tension and compressed in the 
thickness direction. Accordingly, the separator is required to have a porous structure even in a compressed state and a 

20 capability for maintaining an electrolyte in the interior of the separator not to move toward an electrode having an 
extremely high hydrophilic nature. Further, accompanied with the repetition of charging/discharging cycle, a volume of 
electrode plate is liable to change (due to the density variation of nickel hydroxide and nickel (5-oxyhydroxide), which 
causes the displacement of electrolyte from the separator to the electrode, resulting in the dry-out of electrolyte in the 
separator. To prevent such a phenomenon from occurring, a high electrolyte retention capability is required. Since the 

25 wet-laid nonwoven fabric is excellent in electrolyte retention capability and electrolyte holding capability, it is possible to 
retain a sufficient amount of electrolyte in the interior of the compressed separator and thus suppress the rise of the 
internal resistance, resulting in a secondary battery having a long cycle life. On the other hand, an oxygen gas gener- 
ated in the cathode during charging by a hydrolysis of water increases the internal pressure of the battery. The oxygen 
gas must quickly pass through the separator and be consumed by an oxygen absorption reaction in the anode. Since 

30 the separator made of the wet-laid nonwoven fabric according to the present invention has a favorable gas permeability 
and a suitable wet property, the secondary battery incorporating this separator therein is capable of minimizing the rise 
of the internal pressure and preventing the electrolyte from blowing out by the actuation of a safety valve. Also, since 
the separator according to the present invention has a uniform and compact entangled structure and is free from the 
formation irregularity, it is possible to prevent an electrode active material and a dendritic metal separating out on the 

35 electrode plate during charging/discharging from breaking through the separator. Thus, the short-circuit is prevented 
from occurring even when the severe charging/discharging is repeated, and a long life secondary battery is provided. 
Recently, electric appliances have been miniaturized to be portable. Therefore, secondary batteries for supplying a 
power thereto have necessarily have a small size, a high capacity, a long life span or a favorable cycle performance. To 
provide these high performance batteries, a separator plays an important role. That is, to achieve such a high capacity 

*o secondary battery, a larger amount of electrode active material must be f Hied in the battery, which in turn requires a sep- 
arator having a smaller thickness. The wet-laid nonwoven fabric according to the present invention is quite suitable for 
such a separator because it has a uniform formation and is excellent in electrolyte holding capability, gas-permeability 
and short-circuit preventing ability. 

45 EXAMPLES 

The present invention will be described in more detail below with reference to the preferred examples. In the exam- 
ples, measured values were obtained from the following methods wherein % is by weight Test pieces which are liable 
to be affected by a temperature and a humidity were conditioned in a room or a device under a standard condition (tem- 
so perature of 23 ± 3°C, relative humidity of 65 ± 5%). 

1) Thickness 

Three test pieces of 20 cm x 20 cm size were prepared and a thickness was measured at 10 points per each piece 
55 by a micrometer. An average thereof was used as a representative. 

2) Basis weight 

After the test piece of 20 cm x 20 cm size used for the thickness test was conditioned to the standard condition, a 
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weight thereof was measured and the value was then converted to a weight per one square meter. 

3) Tensile strength (in the lengthwise direction) 

A tensile strength was measured, in accordance with JIS L1096: a strip method, along the lengthwise direction (the 
running direction of a nonwoven fabric). Five test pieces (each having a length of 18 cm x a width of 2.5 cm) were pre- 
pared. A maximum load at break was measured by a tensile tester at a grip distance of 10 cm and a stretching rate of 
200 mm/mi n. 

4) Gas -permeability i 

Five test pieces of 13 cm x 13 cm size or more were prepared, and a gas-permeability was measured in accord- 
ance with JIS L1096: Frazier method, at a pressure difference of 12.7 mmAq. 

5) Electrolyte retention ratio 

Three test pieces of 10 cm x 10cm size were prepared, and weights thereof (Wj) were measured in 1 mg order 
after being conditioned to the standard condition. The test pieces were dipped into an aqueous solution of potassium 
hydroxide of 31% concentration in a spread state for one hour or more. Then the test pieces were taken out from the 
solution and hung down with one corner up for 10 minutes. Weights of the test pieces (W^ were again measured. An 
electrolyte retention ratio (%) was calculated by the following equation 

(Wjj-W^/W^IOO 

6) Liquid absorption rate 

Five test pieces having 20 cm x 2.5 cm size were prepared and conditioned under the standard condition. A lower 
end of the test piece was vertically dipped by 5 mm into an aqueous solution of potassium hydroxide of 31% concen- 
tration. 30 minutes after, a rising height (mm) of the solution due to capillarity was measured as a measure of a liquid 
absorption rate. 

7) Electrolyte holding ratio 

Two test pieces of 3.4 cm x 5 cm size were prepared and conditioned under the standard condition. A weight 
thereof (a^ was measured in 1 mg order. Then the test piece was impregnated with an aqueous solution of potassium 
hydroxide of 31% concentration of the same weight (at). The test piece was placed on a ftlter paper (ADVANTEC No. 
4A) and loaded with a weight of 1 0Og. 30 seconds later, a weight (a 2 ) of the test piece was measured. An electrolyte 
holding ratio (%) was calculated by the following equation. 

a 2 fai x 100 

8) Sheet formation 

A sheet formation was measured by a formation tester (FMT-1000A: Nomura Shoji K.K.). Three test pieces of 15 
cm x 15 cm were prepared and placed on a diffusion plate. A light was irradiated to the test piece by a tungsten lamp 
of a constant voltage of direct current (6V, 30 W) from the lower side thereof. A transparent image in a range of 100 mm 
x 100 mm taken by a CCD camera was divided into 128 x 128 pixels. An intensity of light in the respective pixel was 
measured to determine a transmittance thereof, from which an absorbency was calculated. The sheet formation was 
obtained by the following equation wherein E is a mean absorbency and a is a standard deviation of the absorbency in 
the respective micro-area (0.78 mm x 0.78 mm). 

Sheet formation = 1000 x a/E 

This value most clearly represents a variance of basis weights in micro-areas, and the lower the value, the higher 
the uniformity of the test piece. 

9) Electric resistance 

An amount of KOH aqueous solution of 31% concentration corresponding to 90% of a weight of the test piece was 
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poured onto a test piece of 3.4 cm x 5 cm size. The test piece was sandwiched between a pair of nickef plates of 3 mm 
thick, and an electric resistance was measured by a milli-ohm meter under the standard conditions, 

10) Compression stress measurement 

5 

A test piece of 5 mm x 5 mm was prepared and a compression stress was measured by a compression tester KES- 
F system at 20°C and 65% RH when a compressed thickness thereof reached 80% of an original thickness. 

11) Raised fiber stress F 

to i 

A sample was prepared by brushing a raised surface in the reverse direction with a soft brush of pig bristles and a 
stress-strain curve of a surface compression of the sample (Fig. 4) was measured by a KES-3 compression tester. A 
thickness when a load of 7 g/cm 2 is applied to the sample was defined as a sample thickness wherein the raised fibers 
all lie on the surface. A raised fiber stress F was defined as a stress at a thickness equal to the sample thickness plus 

is 0.1 mm. 

12) Mean fiber entangling point interval 

The mean fiber entangling point interval is a value measured by the following method disclosed in Japanese Unex- 
20 amined Patent Publication No. 58-1 91280, which is a measure representing an entangling density of fibers wherein the 
smaller the value, the more compact a degree of entanglement. Fig. 1 is a schematic enlarged view of fibers composing 
a surface of a nonwoven sheet according to the present invention as seen in a microscopic manner. An optional pair of 
fibers f 1t f 2 in such fibers f 1f f 2 , f3 ... were selected and an entangled point a^ therebetween was detected. The upper 
fiber f 2 is traced to another entangled point a 2 at which it is submerged beneath a third fiber. Similarly, entangled points 
25 a3, a4 ... were determined. Then, linear horizontal distances between the thus-obtained entangled points a-i and a 2 , a 2 
and a 3 ... were measured, which were then averaged to define a mean fiber entangling point interval. 

13) Battery cycle characteristic test 

30 A sealed type nickel-cadmium secondary battery of an SC size having a nominal capacity of 1 .2 AH was prepared 
while using a battery separator according to the present invention, on which a cycle characteristic test was carried out, 
wherein after charging the same for one hour with a current of 1 .8A, a discharging is carried out until reaching a terminal 
voltage of 1 .0 V. 

35 1 4) Battery overcharge characteristic test 

A hundred sealed type nickel-cadmium type secondary batteries of an SC size having a nominal capacity of 1 .2 AH 
were prepared while using a battery separator according to the oresent invention, on wNch a overcharge/discharge 
characteristic test was carried out wherein after continuing the charging for one week, the number of the batteries from 
<o which an electrolyte is leaked out by the operation of a safety valve of the secondary battery (detected by an phenol- 
phthalein indicator) was counted, which was represented by %, 

Example 1 

45 A 1% concentration slurry was prepared by dispersing in water 80% of nylon 66 staple fibers having a fiber length 
L of 7.5 mm, a fiber thickness of 0.5 denier (a single fiber diameter D of 7.8 jim; L/D = 960 ) and a melting point of 250 o C 
and 20% of hot-melt fibers Unimelt UL-61 (available from Unitika K.K.; a nylon 6 core component and a nylon copolymer 
sheath component) having a fiber length of 10 mm and a fiber thickness of 2 denier (a single fiber diameter D of 14.1 
mm; L/D = 709 ). A wet-laid mixture fiber sheet having a basis weight of 75 g/m 2 was obtained from this slurry by a long 

so inclined wire type long net papermaking machine. The resultant wet-laid mixture fiber sheet was placed on a metallic 
conveyor net of 80 mesh running at a speed of 12 m/min. A nozzle header on which nozzles having a nozzle diameter 
of 0. 15 mm are arranged at a pitch of 2 mm was disposed above the metallic conveyor net at a distance of 50 mm and 
subjected to a circular motion at a speed of 285 rpm. Another metallic net of 40 mesh was inserted between the sheet 
on the metallic conveyor net and the nozzles at a distance of 25 mm from the metallic conveyor net. Water was ejected 

ss from the nozzles at a pressure of 30 kg/cm 2 to form intermittent columnar water jets which strike the mixture fiber sheet. 
The water was dehydrated by suction of -80 mmHg static pressure applied from the lower side of the conveyor net, 
whereby the water was continuously and quickly removed therefrom, without generating water jet marks or deteriorating 
a formation of the sheet, to result in the fiber entanglement between the staple fibers and the hot-melt fibers. After the 
same process has been repeated six times, the sheet was turned upside-down and the same process was repeated 
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noTes^ r^J * no22la header «™ ™ de «° ««• at 420 rpm. and the metallic net between the sheet and ft. 
Si r * taC ? d ° m 3 40 meSh ° ne ,0 3 60 m6sh 0ne " Water ' ets °' 25 ^ hydraulic pressure were a£2 
jets were not observed at all in. the interlaced sheet. <*iumnar water 

InJZ^S^T^" dned bY 3 P,n ' tenter dri6r 3t 18 °° C 30 ,he Sheath P"*" 01 Unim eH UL-61 fiber 
S ^ C) '2 the en,anQ,ed *"* " B8 fused - AWer bein 9 immef5ed a " aqueous solution containina a 

aml°bl^h KP (avai ' aWe from ^akamatsu YUshi K.K.) of 0.2% for the purpose of irrproving^Sa 3 

SZS^IST? t Sh f wa l s £ ee2ed 50 *- a pickup b "»™* 200% of a wejht of theTonwSen fabJc 

fendenng treatment at a line pressure of 30 kg/cm to result in a final nonwoven fabric for a battery 
separator having a basis weight of 72 g/m 2 and a thickness of 0. 1 8 mm. * 



Example 2 



20 



I rf 7 l^«! e ' , ! at, °" ^ prepared by "Wnfl in water 40% of nylon 66 staple fbers having a fiber length 
«h»« k ^! 7^ hCkn6SS 0f 0 5 denier (a single ** diameter D °< 7 -8 Cm: W) = 960 ). 40% of nylon 66 staple 

mn? U Ho ? ?l a H^ a 'J* °' 10 mm and * ,toer thickness <* 2 denier (a single fiber dianWS* u 1 
inE»?ii e S',S ' ,b€f ? ee,havin 9 abaaswa '9 htof7 S g/m 2 was obtained by the same n^nner as 

ne cl^eSenno ^ ; T ^ SUb)6Cted *° *" * he Suriactam treat ™»" a " d 

he calendenng treatment in the same manner as in Example 1 to result in a final nonwoven fabric far a battery sepa- 
rator hav.no a has* we(g ht of 72 g/rrr* and a thickness of 0. 1 8 mm. having no stripe marks on the surfaceWr^ 



25 Example 3 



30 



fiber !o Pfepafed fr0m 80% °' ny ' 0n 66 Steple fibefs havi "9 * »* length L of 7.5 mm and a 

22^551 ™? ^ Examp ' e 1 10 25 k9/CT ^ and 20 kg/cm * respectively, to result in an entangled sheet The 
nTasIn eSS^ t0 SUrfaCtant aPPfcati ° n ,reafrnent ■ nd the *. same man 

a tnSnS IT al'l 3 un * rm J 10 ™ 0 ™ ,or a ^ttery separator having a basis weight of 72 g/m* and 
a inicwiess of 0. 1 8 mm with no irregularity in formation and stripe marks. 



Comparative Example 1 



ffcer She w e l p : epared ,rom 80% of "y'°" 6 6 staple fibers having a ftoer length L of 7.5 mm and a 
2^! ^ ! ^ 20% ° f Unime,t UL - 61 having 3 ,iber length 10 mm was hot-pressed at 160'C and 70 
to fule Z^?^T 9 T T*™* deSCr ' Ded Examp ' e 1 • and * en dried by a pin tenter dri * at 1 80«C 
Lch^ ^.Tf fl)erS thS *"* Further ' in the same manner as « Sample 1. a surfactant was applied to 



Comparative Example 2 



50 



55 



ffoerlrJi^ n rf, ! to6r Sh !^ Bpared fr0m "* of nylon 66 s,a P ,e fibers ^ving a fiber length L of 7.5 mm and a 
meTa icTeHn V/J™' ^ ° f ^ ^ ^ h ™ g 3 ,iber of 10 mm "« P' aced °" a 80 mesh 
S^~™^TT ?» m . BaU V > 1 ' 3nd SUbieCted to ™ enta "9'^ent treatment while changing a 
eSn^ S Thi w a ,? d 25 k9/Cm Examp,S 1 10 15 k9/cm2 and 10 k ^«* respectively, to resuJin an 

S 7nl 211 ,nterlaCed c sheet W3S t0 the surfactant Wtotion treatment and the calendering treat- 

Halis ^1^7? 3 f a t' n !i amP ' e 1 ,0 r6SU " in 3 Un " brm n ° nw0ven usable far a **«y separator having 
a basis weight of 7Zg/nf and a thickness of 0.18 mm. 



Comparative Example 3 



diametet D ct 7 I ]1 S 'Sf 3 ™ 9 8 ** leng,h L of 38 and a fiber thickness of 0.5 denier (a single fiber 
nbkhZ, nn ,! ^' 7 } W6re mxed by 3 carding method ^h 20% of hot-melt fibers Unimelt UL-61 (avail- 
sT mmTnn 1 * " V 6 ^ comDOnent and a ">*« copolymer sheath component) having a fiber length L of 

51 mm and a ftoer th.ckness of 2 denier (a sing.e ftoer diameter 0 of 14.1 ^m) to be a mixture fiber sheet. tS sheet 
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was entangled, applied with surfactant, and calendered in the same manner as in Example 1 to result in a nonwoven 
fabric usable for a battery separator having a basis weight of 73 o/m 2 and a thickness of 0.18 mm. 

Comparative Example 4 

A 1% concentration slurry was prepared by dispersing in water 45% of nylon 66 staple ftoers having a fiber length 
L of 7.5 mm and a fiber thickness of 0.5 denier. 25% of Unimelt UL-61 fibers having a fiber length L of 15 mm and a 
fiber thickness of 2 denier, and 30% of hot-melt type synthetic organic pulp SWP (UL-410 available from Mitsui SeWyu 
Kagaku Kbgyo K.K.) in the same manner as in Example 1. from which a wet-laid mixture fiber sheet having a basis 
weight of 80 g/m 2 was obtained through a papermaking machine. The sheet was subjected to a hydroentangling treat- 
ment in the same manner as in Example 1 to result in an entangled sheet. The entangled sheet was dried by a pin tenter 
drier at 180°C so that the sheath component of Unimelt UL-61 and SWP (UL-410; a melting point of 125°C) were fused, 
applied with a surfactant and subjected to a calendering treatment to result in a nonwoven fabric usable for a battery 
separator having a basis weight of 73 g/m 2 and a thickness of 0.18 mm in the same manner as in Examples. 

Results of performance tests of the nonwoven fabrics for a battery separator obtained from Examples 1 to 3 and 
Comparative Examples 1 to 4 are shown in Table 1 . 
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Ex.1 


Ex. 2 


Ex.3 


Com. 1 


Com. 2 


Com. 3 


Com. 4 




Yarns (LTD) 


0.5dN66 
(960) 
Unimelt 


0.5dN66 
1.0dN66 
(940) 
Unimeft 


0.5dN66 
(960) 
Unimelt 


0.5dN66 

(960) 
Unimelt 


0.5dN66 
(960) 
Unimelt 


U.-vAil ^QO 

(4870) 
Unimelt* 


U.OONOO 

syn.pulp 
Unimeft 


10 


Sheet 


wet-laid 


wet-laid 


wet-laid 


wet-laid 


wet-laid 


dry laid 


wet-laid 




Basic 

weight 

(g/m 2 ) 


72 


72 


72 


74 


1 o 


/O 


"TO 
/Z 


15 


Thickness 
(mm) 


0.18 


0.18 


0.18 


n m 


rt 1 o 

O.lo 


0.18 


0.18 




Sheet forma- 
tion 


74 


77 


70 


70 


72 


116 


105 


20 


Tensile 

strength 

(kg/cm 2 ) 


3.3 


3.5 


3.1 


2.0 


2.4 


3.5 


3.2 


25 


Gas perme- 
ability 

(cc/cm^/sec) 


20 


28 


21 


18 


19 


21 


17 




Electrolyte 
retention 
ratio (%) 


330 


345 


333 


310 


315 


335 


270 


30 


Electrolyte 
holding ratio 
(%) 


90 


87 


89 


62 


63 


79 


68 


35 


Liquid 
absorption 
rate (mm) 


88 


78 


85 


62 


79 


86 


48 


40 


fVimnroc . 

sion stress 
(kg/cm 2 ) 




4.12 


3.86 


2.01 


2.21 


3.33 


2.00 




Electric 

resistance 

(0) 


0.65 


0.70 


0.69 


2.10 


1.56 


1.10 


3.50 


I 

45 < 
P 
V 


Mean fiber 
sntangling 
joint inter- 
nal (|im) 


120 


140 


200 


>350 


320 


150 


305 

■ 



55 



As apparent from Table 1 , the nonwoven fabrics of Examples 1 to 3 have a higher tensile strength and a lower elec- 
tric resistance and more excellent in electrolyte holding ratio compared with those of Comparative Examples 1 and 2. 
This is because the interlacing treatment has been repeated until the mean ftoer entangling point interval becomes less 
than 120 jim - 200 Mm which increases the number of entangled points between fibers and enhances the fiber orienta- 
tion in the cross-sectional direction of the nonwoven fabric as a separator. Thus, the compression stress increases to 
facilitate the contact of the separator with a nickel plate. The synergistic effect of these phenomena causes the above- 
mentioned favorable results. Since the nonwoven fabric obtained from Comparative Example 3 has a higher entangling 
density compared with those of Comparative Examples 1 and 2, the electric resistance thereof is lower and the electro- 
lyte retention capability is higher. However, they are considerably inferior to those of Example 1 and cannot be used in 
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^ . ^ .urf+v nf hfl^is weiahts of the nonwoven fabric of Comparative Example 3 is targe as 

^Zl™^ ™^ a contact area between the separate, and the nicke. plate 
See °lT*l fJE^? £ si^e me sTeet formation thereof is unfavorably high, the migration of the electrode 

Sealed type nickel-cadmium storage batteries of SC size havmg a nommal I capacrty of 1 .2 AH ^ PJ^"™J 

^SSLJi £2e tonZed its We by a short-circuit due to the migration of electrode active mrtnal. 

of Cornparabve ^'*^* m ™ ™ J, wet ., aid nonw0 ven fabric according to the present invention is com- 

20 charging cycles in the secondary battery. 



Example 4 



30 Comparative Example 5 

woven fabric having a basis weight of 86 g/m 2 and a thickness of 0.21 mm. 

40 

Comparative Example 6 

,^iandft.eatonderi* and a th.ckness 



of 0.20 mm. 



50 



55 



Example 5 
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in the same manner as in Example 1 and heat-treated in a pin tenter drier at 160*C. Further the sheet was subjected 
to the entangling treatment, the surfactant application treatment and the calendering treatment in the same manner as 
in Example 1 to result in a nonwoven fabric having a basis weight of 72 g/m 2 and a thickness of 0.18 mm. 

Comparative Example 7 

A wet-laid mixture fber sheet was prepared from 80% of the same nylon 6/nylon 612 composite staple fibers as 
used in Example 5 except that the fiber length L is changed to 5 mm and 20% of the same hot-melt ffcers as used in 
Example 5. The sheet was subjected to the hydroentangling treatment in the same manner as in Example 5 and dried 
at 180°C by a pin tenter drier. The resultant entangled sheet was inferior in a sheet formation due to the fiber migration 
upon the hydroentangling treatment and had many pin holes. A 0.01% concentration aqueous dispersion slurry of hot- 
melt synthetic pulp SWP (UL-410) comprised of polyethylene used in Example 4 was poured onto a surface of this 
entangled sheet in a similar manner as in Example 1 of Japanese Unexamined Patent Publication No. 7-272709 to 
deposit the synthetic pulp of about 5 g/m 2 on the surface of the sheet which was then dried at 130°C. The pin holes 
were eliminated from the sheet but the inferiority in sheet formation due to the irregularity of basis weight was not 
improved. The sheet was finally subjected to the calendering treatment and the surfactant application treatment as in 
Example 5 to result in a nonwoven fabric having a basis weight of 72 g/m 2 and a thickness of 0. 1 8 mm. 

A performance test carried on battery separators made of the nonwoven fabrics obtained from Examples 4 and 
Comparative Examples 5 to 7 are listed in Table 2. 

As apparent from Table 2, since the wet-laid nonwoven fabric of relatively thick staple fibers obtained from Example 
4 is highly entangled and uniform in sheet formation, it has a higher tensile strength and a lower electric resistance com- 
pared with Comparative Example 5 as well as a lower electric resistance compared with Comparative Example 6, which 
satisfies a requisite for a general-use type battery separator. 

The surface layer of the nonwoven fabric of Example 5 had a compactly entangled structure of the micro-fibers split 
by the columnar water jets, but non-split fibers having a fiber thickness of 2 denier were still left in the internal structure 
as they are. It had a rather high electric resistance but was usable for a battery separator. In Comparative Example 7, 
L/D of the nylon 6/nylon 612 composite staple fiber was as small as 354, and the extremely uniform wet-laid mixture 
sheet was obtained. However, some of the test pieces were inferior in sheet formation due to the fiber migration during 
the hydroentangling treatment and had many pin holes. Although the pin holes were eliminated by depositing the syn- 
thetic pulp layer, the sheet formation was not improved because the synthetic pulp layer was irregularly deposited. Also, 
the variance in hydrophilic nature was significant The separator obtained therefrom had a low electrolyte holding capa- 
bility and a high electric resistance, and thus was not usable in practice. 
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Table 2 







Ex.4 


Com. 5 


Com. 6 


Ex.5 


Com, 7 


5 


Yarns (UO) 


2.0dN66(1060) 
Unimelt 


2.0dN66 (1060) 
Unimelt 


2.0dN66(3600) 
Unimelt 


2.0dN66 /N612 
(1060) Unimelt 


2.0dM66/N612 
p54) Unimelt 




Sheet 


wet-laid 


wet-Iatd 


dry-laid 


wet*laid 

i 


wet-laid 


to 


Basis weight 

fn/m 2 ) 


85 


86 


84 


72 


72 




Thickness (mm) 


0.20 


0.21 


0.20 


0.18 


0.18 




Sheet formation 


90 


85 


121 


95 


154 


i5 


Tensile strength 
(kg/cm 2 ) 


3.9 


2.3 


4.2 


3.7 


1.7 




Gas permeabil- 
ity (cc/crr^/sec) 


63 


60 


62 


21 


15 


20 


Electrolyte reten- 
tion ratio (%) 


365 


350 


360 


305 


300 




Electrolyte hold- 
ing ratio (%) 


80 


62 


72 


91 


70 


25 


Liquid absorption 
rate (mm) 


111 


87 


115 


105 


74 




Compression 
stress (kg/cm 2 ) 


4.21 


2.11 


4.24 


2.85 


1.76 


30 


Electric resist- 
ance (Q) 


0.73 


2.25 


1.45 


0.85 


3.25 




Mean ftoer 
entangling point 
interval (jjtm) 


240 


>400 


300 


>135 


308 



35 



Example 6 

40 

A 1% concentration slurry was prepared by dispersing in water 80% of nylon 6 staple fibers having a fiber length L 
of 6 mm and a fiber thickness of 0.25 denier (a single f toer diameter D of 5.4 urn; L/O = 1 100 ) and 20% of hot-melt fib- 
ers Unimelt UL-61 (available from Unitika K.K.; a nylon 6 core component and a nylon copolymer sheath component) 
having a fiber length L of 10 mm and a fiber thickness of 2 denier (a single fiber diameter D of 14.1 ^m; LTD = 709 ). A 

45 wet-laid mixture fiber sheet having a basis weight of 68 g/m 2 was obtained from the slurry through a long inclined wire- 
type papermaking machine. The resultant mixture fiber sheet was placed on a 80 mesh metallic conveyor net and con- 
veyed at a speed of 12 m/min. A nozzle header on which nozzles having a nozzle diameter of 0. 15 mm are arranged at 
a pitch of 2 mm was subjected to a circular motion at a speed of 285 rpm. A 40 mesh metallic net was inserted between 
the nozzle header and the conveyor net at a distance of 25 mm from the conveyor net, and water was ejected from the 

so nozzles at a pressure of 25 kg/cm 2 to the mixture fiber sheet so that intermittent columnar water jets impinge thereto. 
Thus, the staple fibers and the hot-melt fibers were entangled with each other. The same treatment was repeated six 
times on one side of the sheet. Then the sheet was turned upside down and the same treatment was repeated seven 
times on the other side. Thereafter, while inserting a 60 mesh metallic net. the nozzle header was rotated at a speed of 
420 rpm to spray water twice on the respective side at a hydraulic pressure of 20 kg/cm 2 to result in an interlaced sheet. 

ss The resultant entangled sheet was dried by a pin tenter drier at 160°C to simultaneously fuse the sheath compo- 
nent of the Unimelt UL-61 fiber (having a melting point of 140°C) to result in a nonwoven fabric. Although this nonwoven 
fabric was usable for a battery separator as it is. the nonwoven fabric was dipped into an aqueous solution containing 
a nonton type surfactant Emulgen 910 (available from Kao K.K.) of 0.05%. squeezed to have a pickup corresponding to 
4007© thereof, and dried by a pin tenter drier at 160*C to further improve the initial affinity with electrolyte. Then, the 
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treated sheet was introduced into a pair of rolls heated at 100°C and calendered at a line pressure of 30 kg/cm to result 
in a nonwoven fabric for a battery separator having a basis weight of 65 g/m 2 and a thickness of 0.15 mm. 

Example 7 

A wet-laid mixture fiber sheet was prepared from 40% of nylon 6 staple fibers having a fiber length L of 6 mm and 
a fiber thickness of 0.25 denier (a single fiber diameter D of 5.4 urn), 40% of nylon 66 staple fiber having a ffoer length 
of 7.5 mm and a fiber thickness of 0.5 denier (a single fiber diameter of 7.8 ]im) and 20% of hot-melt fibers Unimeit UL- 
61 in the same manner as in Example 6. Then, the mixture fiber sheet was subjected to the entangling treatment, the 
surfactant application treatment and the calendering treatment in the same manner as in Example 6 to result in a non- 
woven fabric for a battery separator having a basis weight of 65 g/m 2 and a thickness of 0.15 mm. 

Example 8 

Island-in-sea type splittable fibers (available from Kolon Inc. (phonetic); a polyester copolymer island component 
and a nylon 66 sea component; splittable to 36 islands) was treated in a 4% sodium hydroxide solution so that the sea 
component was dissolved to leave micro-fibers of the island component having a fiber thickness of 0.05 denier. A wet- 
laid mixture fiber sheet was obtained from 80% of these nylon 66 micro^fibers having a fiber length of 3 mm and a fiber 
thickness of 0.05 denier (a single fiber diameter D of 2.3 jim; L/D = 1 300 ) and 20% of hot-melt fibers Unimeit UL-61 in 
the same manner as in Example 6. The mixture fiber sheet was subjected to the entangling treatment the surfactant 
application treatment and the calendering treatment in the same manner as in Example 6 to result in a nonwoven fabric 
for a battery separator having a basis weight of 65 g/m 2 and a thickness of 0.15 mm. 

Comparative Example 8 

A mert-blown type nylon 6 nonwoven fabric prepared to have an average ftoer diameter of 2 \im, a basis weight of 
65 g/m 2 and a thickness of 0.3 mm was subjected to the entangling treatment, the surfactant application treatment and 
the calendering treatment in the same manner as in Example 6 to result in a nonwoven fabric having a basis weight of 
65 g/m 2 and a thickness of 0. 15 mm. The resultant nonwoven fabric had a considerably tow mechanical strength and 
air permeability and was inferior in electrolyte holding capability compared to those obtained from Examples 6, 7 and 8. 

Comparative Example 9 

A wet-laid mixture fiber sheet having a basis weight of 30 g/m 2 prepared from 80% of nylon 66 staple fibers having 
a fiber length L of 7.5 mm and a ftoer thickness of 0.5 denier (a single fiber diameter D of 7.8 urn) and 20% of hot-melt 
fibers Unimeit UL-61 was overlaid on a melt -blown type nylon 6 nonwoven fabric prepared to have an average fiber 
diameter of 2 fim, a basis weight of 35 g/m 2 and a thickness of 0.3 mm. Tne resultant overlaid sheet was subjected to 
the interlacing treatment the surfactant application treatment and the calendering treatment in the same manner as in 
Example 1 to result in a nonwoven fabric having a basts weight of 65 g/m 2 and a thickness of 0.15 mm. 

Results of a performance test of the nonwoven fabrics obtained from Examples 6 f 7 and 8 and Comparative Exam- 
ples 8 and 9 as a battery separator are shown in Table 3. As apparent from Table 3, the nonwoven fabric obtained from 
Comparative Example 9 was interior to those obtained from Examples 6, 7 and 8 in mechanical strength, air permea- 
bility and electrolyte holding capability as well as in sheet formation. While, as apparent from Table 3, the nonwoven 
fabrics for a battery separator according to the present invention were excellent in sheet formation and had a high ten- 
sile strength, gas-permeability, electrolyte retention capability and electrolyte holding capability, and also had a favora- 
ble liquid absorption rate. Also, as shown in Fig. 3, it was found that the internal resistance can be effectively prevented 
from rising when the thermoplastic staple fiber has a fiber thickness of less than 0.5 denier, and a charging/discharging 
cycle performance of a sealed type secondary battery is enhanced. 
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Table 3 







Ex.6 


Ex.7 


Ex 8 


Com. 8 


Com. 9 


5 


Yarns (LTD) 


0.25dN66 (1100) 
Unimelt 


0.25dN66 
0.5dN66 Unimelt 


0.05dN66 (1300) 
Unimelt 


2nmN6 


2jimN6 0.5dN66 
Unimelt 




Sheet 


wet-laid 


wet-laid 


wet-laid 


melt-blown 

i 


overlaid 


10 


Basis weight 

(g/m 2 ) 


cc 
DO 


DO 


DO 


RG 
DO 


bo 




Thickness (mm) 


0.15 


0.15 


0.15 


0.15 


0.15 


t5 


Tensile strength 
(kg/cm 2 ) 


3.1 


3.4 


3.2 


0.9 


1.8 


Gas permeability 
(cc/crrAsec) 


11 


12 


10 


6 


6 


20 


Electrolyte reten- 
tion ratio (%) 


300 


302 


310 


310 


301 


Electrolyte hold- 
ing ratio (%) 


95 


95 


96 


92 


92 


25 


Liquid absorption 
rate (mm) 


120 


110 


120 . 


100 


100 


Compression 
stress (kg/cm 2 ) 


3.4 


3.45 


3.50 


1.43 


2.10 




Electric resist- 
ance (Q) 


0.65 


0.60 


0.70 


1.12 


1.20 


30 


Mean fiber entan- 
gling point interval 
(jim) 


90 


95 


45 


160 


160 




Sheet formation 


55 


56 


49 


43 


103 


35 


Reference data for sheet formation: 52 (PPC paper) 



to Example 9 

The entangled sheet obtained from Example 1 was dried by a pin tenter drier at 180°C to fuse the sheath compo- 
nent of the Unimelt UL-61 ffoer (having a melting point of 140*C). Then, the sheet was dipped into aqueous solutions 
of nonion-type surfactant Emulgen 120 (available from Kao K.K.) of 0.05%, 0. 1%, 0.25%, 0.5%, 1% and 2% concentra- 

« tions and water with no surfactant (to obtain Sample Nos. 1 to 7, respectively). The respective sample was squeezed 
to have a pickup of 200% of its own weight and dried in a pin tenter drier at 1 60°C. Further, the sample was calendered 
by a pair of metallic roils at a line pressure of 30 kg/cm in the same manner as in Example 1 to result in a nonwoven 
fabric for a battery separator having a basis weight of 73 g/m 2 and a thickness of 0.18 mm. Physical properties and per- 
formances of the samples thus obtained as a battery separator are shown in Table 4. The sample on which no nonion 

so type surfactant is present is poor in hydrophilic nature. The greater the amount of surfactant, the higher the hydrophtlic 
nature but the lower the electrolyte holding ratio. 



55 
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Table 4 



is 




Example 10 

* coding 0»„W^£^^J2!S^ ™", *W «u 4W Wo" 



35 



40 



50 



Tables 



Basis weight (g/m 2 ) 



(Exampfe 10) 



No. 7 



Thickness (mm) 



Density (g/cm 3 ) 



Calender pressure (kg/cm) 



Air-permeability (cc/cm 2 /s) 



Electrolyte retention ratio (%) 



liquid absorption rate (mm) 



Electrolyte holding ratio (%) 



72 



0.30 



No. 1 I No. 2 



72 



0.28 



0.24 



48 



0.26 



72 



0.24 



0.30 



No. 3 



72 



0.20 



480 



86 



74 



42 



420 



90 



85 



10 



36 



385 



90 



88 



0.36 



No. 4 



72 



0.18 



No. 5 



72 



0.16 



0.40 



20 



31 



30 



24 



0.45 



40 



365 



92 



90 



330 



20 



90 



90 



280 



Na6 



72 
0,14 j 



0.51 



50 



17 



89 



88 



220 



87 



66 



55 



Example 11 



<nto an aqueous solution containing 0 2% n«ES trZ 2 e„ ® """^ aheet 711(91 ,he s "eet was dipped 
sque^ed to have a p icku p 0 , ? (aVai,ab ' e fr0m Takamatsu ffi 

Further the shpptwacrai^* a p ' n tentef <* rier at 160 C C 
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nonwoven fabric for a battery separator having a basis weight of 72 g/m 2 . a thickness of 0.18 mm and a raised fiber 
stress of 2.5 g/cm 2 . 

Example 12 

A nonwoven fabric for a battery separator having a basis weight of 62 g/m 2 . a thickness of 0.18 mm and a raised 
fiber stress of 3.5 g/cm 2 was obtained in the same manner as in Example 6. except that the raiang treatment is earned 
out on both surface thereof with a 1 80 mesh sand paper. 

Example 13 

A nonwoven fabric for a battery separator having a basis weight of 72 g/m 2 . a thickness of 0.18 nun and l a raised 
fiber stress of 1 .8 g/cm 2 was obtained in the same manner as in Example 6. except that the raiang treatment .s cameo 
out on both surface thereof with a roll brush with nylon bristles. 

Example 14 

A nonwoven fabric for a battery separator having a basis weight of 72 g/m 2 . a thickness of 0.18 mm and a raised 
fiber str ess of 1 .3 g/cm 2 was obtained in the same manner as in Example 6, except that the raiang treatment is earned 
out on both surface thereof with a roll brush with pig bristles. 

Properties of nonwoven fabrics for a battery separator obtained from Examples 1 and 1 1 to 14 are shown m Table 
6. As is apparent from Table 6, the battery separators of Examples 1 1 to 14 having raised fibers on the surfaces were 
improved in electrolyte holding capability and gas permeability, and the rise of internal resistance thereof was sup- 
pressed at a lower level compared with that obtained from Example 1. which is favorable as a h.gh performance oattwy 
separator. Actually, sealed type nickel-cadmium secondary batteries were prepared while using separators made from 
the nonwoven fabric thus obtained, on which a charging/discharging performance was evaluated. The battenes using 
the separators made from the nonwoven fabrics obtained from Examples 11 to 1 4 were improved in a safety valve leak- 
age. This is because oxygen gas generated in the cathode can easily pass through the battery separator and is con- 
sumed in the anode. 



Table 6 





Ex. 1 


Ex.11 


Ex. 12 


Ex 13 


Ex. H 


Ex.2 


Com. 1 


Basis weight (g/m 2 ) 


72 


72 


72 


72 


72 


72 


74 


Thickness (mm) 


0.18 


0.18 


0.18 


0.18 


0.18 


0.18 


0.18 


Raised fiber stress (kg/cm 2 ) 


0.6 


2.5 


3.5 


1.8 


1.3 


0.7 


0.4 


Tensile strength (kg/cm 2 ) 


3.3 


3.1 


3.0 


3.2 


3.5 


3.5 


2.0 


Electrolyte holding ratio (%) 


90 


97 


98 


95 


92 


87 


62 


Rise of internal resistance (H) 


0.16 


0.10 


0.10 


0.12 


0.13 


0.17 


0.46 


Charge/discharge performance {%) 


2 


0 


0 


0 


1 


0 


33 



CAPABILITY OF EXPLOITATION IN INOUSTRY 

According to the present invention, it is posabte to obtain a nonwoven fabric far a battery separator excellent in gas- 
permeability, electrolyte retention capability and liquid absorption rate merhan i«i 

Since the nonwoven fabric for a battery separator according to the present .mention has a 
strength, no breakage or width contraction occurs when it is built into a battery. It has *^ m £«^?*£*. 
structure, and thus is resistant to the migration of active material to inhib.t shc^ircufe It is also except £ S« PJ 
meability. etectrolyte retention capability, liquid absorption rate, especially in electrolyte holding capabiHy and gas «n 
sumption reactivity. Accordingly, it is suitably usable for a sealed type secondary battery, espeoally o aneert hgh 
eerily type Actual* a secondary battery incorporating the nonwoven fabric accordmg to the present ,nvent,on as a 
separator is excellent in overcharging characteristic and has a long charging/discharg.ng cycle life. 
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Claims 

1 . A weMaid nonwoven fabric tor a battery separator characterized in that the wet-laid nonwoven fabric comprises a 
single nonwoven structure layer having a mean fiber entangling point interval of 300 fim or less in which at least 
one kind of thermoplastic fiber staple fibers in a range from 20 to 95% by weight and hot rneft staple ftoers, each 
staple fibers having a single fiber diameter of 20 \im or less are three dimensionaily entangled each other, and at 
least part of the hot-melt fibers adhere the staple fibers bonded each other by fusing to fix the* single nonwoven 
structure layer. i 

2. A weMaid nonwoven fabric for a battery separator according to claim 1, characterized in that a ratio UD of a fiber 
length L to an individual fiber diameter D of the thermoplastic staple fiber and the hot-melt fiber is in a range from 
0.5 x 10 3 to 2.0 x 10 3 . 

3. A wet-laid nonwoven fabric for a battery separator according to claim 1 or 2. characterized in that the thermoplastic 
staple fibers are a mixture of staple fibers having an individual f iber diameter in a range from 1 to 8 ]xrn and those 
having an individual fiber diameter larger than 8 jim but smaller than 20 urn. 

4. A wet-laid nonwoven fabric for a battery separator according to any one of claims 1 to 3, characterized in that a 
sheet formation of the nonwoven fabric is 100 or less. 

5. A wet-laid nonwoven fabric for a battery separator according to any one of claims 1 to 4, characterized in that an 
apparent density of the nonwoven fabric is 0.260 g/cm 3 or more. 

6. A wet-laid nonwoven fabric for a battery separator according to any one of claims 1 to 5 4 characterized in that a sur- 
factant of 2% by weight or less is applied to the nonwoven fabric. 

7. A wet-laid nonwoven fabric for a battery separator according to any one of claims 1 to 6, characterized in that a 
compression stress of the nonwoven fabric is 3.0 kg/cm 2 or more. 

8. A wet-laid nonwoven fabric for a battery separator according to any one of claims 1 to 7, characterized in that an 
electric resistance of the nonwoven fabric is to or less. 

9. (Amended) A method for producing a wet-laid nonwoven fabric for a battery separator, characterized in that the 
method comprises the steps of applying intermittent fluid jets to a wet-laid mixture fiber sheet comprised of one kind 
or more of thermoplastic staple fibers in a range from 20 to 95% by weight and hot-melt fibers of the remaining part 
having a melting point lower by 20°C or more than- that of the staple fibers so that the fibers in the weMaid mixture 
fiber sheet are three-dimensionally entangled with each other until a mean fiber entangling point interval of the wet- 
laid mixture fiber sheet becomes 300 urn or less, and fusing part or all of the hot-melt fibers by a heat treatment 

1 0. A sealed type secondary battery assembled while incorporating therein a separator made of the nonwoven fabric 
for a battery separator according to any one of claims 1 to 8. 
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Fig.1 
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Fig. A 




THICKNESS OF A SAMPLE 
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